Controlled hierarchical assembly of switchable DNA-multiprotein complexes.
Directed, biologically-driven self-assembly has the potential to yield hybrid multicomponent architectures with applications ranging from sensors and diagnostics to catalysts and responsive materials. To enable these applications, it is critical to gain control over the precise orientation and geometry of biomolecules interacting with one-another and with surfaces. Such control has thus far been difficult to achieve in even the simplest biomolecular designs. We report a novel methodology for the design and synthesis of functional, oriented, and reversibly switchable hierarchical assemblies at the nanoscale using DNA-protein and protein-protein interactions. The biomolecular assembly relies on the highly selective recognition between transcription factors (TFs) and their cognate DNA motifs that serve as transcription factor binding sites (TFBSs) along with the calmodulin (CaM)-calmodulin binding peptide (CBP) interaction that is regulated by Ca2+. Through these two types of controllable interactions, we achieved the sequential and hierarchical self-assembly of multiprotein complexes complete with embedded fluorescence and catalytic capabilities, which may serve as a paradigm for multifunctional assemblies.